Proceedings of the Royal Society of Medicine elastic, with a diameter which exactly fits the cylindrical part of the instrument. The rubber is fastened by means of metal rings from 1 to 2 mm. wide and 0-2 to 0*3 mm. thick. These rings are perfectly cylindrical and their diameter is such that they can be drawn over the rubber cap on the metal cylinder, with moderate friction, but only when the cap has been well soaked and firmly extended. Wben the ring is conveyed to the desired position, the tension of the rubber is relaxed, and the ring remains quite fast and fixed, pressiDg the rubber absolutely air-tight against the instrument. Apart from bronchospirometry, this obturator has come into clinical use in two other ways, which might well be mentioned here. Trendelenburg, Kahler and others have made tampon cannulas, which they have used in laryingeal and intratracheal operations to prevent blood and secretion from running into the air-passages. These cannulas failed in practice owing to the unreliability of th-e obturator. I have had tampon cannulas made, similar in appearance, with the addition of the obturator described above, and these have worked to my full satisfaction. They have been employed at over thirty laryngectomies, and have proved to be of great practical value and help in preventing blood and secretion from running down into the trachea during the removal of the larynx from below. 478 18 Section of Laryngology The principle has come into practical use in intratracheal positive pressure narcosis. In various places, especially in America, intratracheal positive pressure narcosis is obtained by injecting a narcotic mixture through a catheter inserted into the larynx. The catheter to some extent fills up the tracheal lumen, thereby during the inflation exposing the lung to a certain positive pressure. This varies according to the force with which the narcotic substance is delivered, and to the gauge of the catheter, but it is not known exactly how great this pressure is. With such a method it is impossible both to put the lung in measurable automatic respiratory movement, as the activities of the respiratory muscles and thorax are arrested, and to continue the respiration under physiological conditions, when the pleura is opened on one or both sides.
To gain this end, I was obliged to construct a new special apparatus for positive pressure narcosis, which from its mode of operation I have called the spiropulsator. Fio. 5.-Schematic drawing of the spiropulsator. 1, Inlet valve. 2, Outlet valve. 3, Flasher chamber and mechanism. 4, Chamber for regulating inspiration pressure. 5, Its valve. 6, Chamber for regulating expiration pressure. 7, Its valve.
The apparatus works according to the following principles: The driving force is air, oxygen, or a narcotic gaseous mixture, which is conveyed to the apparatus from a cylinder under adequate pressure. The gaseous mixture is then conveyed to the lung, and the apparatus, which is equipped with special valves, carries on automatically according to the intrapulmonary pressure, so that when the thorax is closed the apparatus follows the normal respiratory movements, but when one or both pleuraare open the apparatus itself undertakes the breathing, and within certain limits of pressure provides the lungs with air, oxygen or narcotic mixture in sufficient quantities. The gas cylinder, the spiropulsator, and the lungs unite in forming an air-tight THE TECHNIQUE OF BRONCHOSPIROMETRY By the term bronchospirometry, which is an abbreviation of the more adequate expression bronchoscopic spirometry, is meant a volumetric determination and gaseous analysis of the respiratory air of each lung separately, brought about by an absolute isolation of the air of each lung by means of a broncboscope or catheterlike instrument. In working this out it has been my task to solve the technical problem of keeping the respiratory air of each lung separate, whilst Dr. Bjorkman has made all the spirometrical analyses.
The first experiments were limited to conveying respiratory air from the one lung by means of a bronchoscope, whilst the air from the other lung was allowed free passage outside the instrument. For this purpose a bronchoscope was used, which mainly resembled a Jackson's ordinary 7 mm. standard bronchoscope. The distal centimeters were transformed into an obturator, the rubber cap of which could be inflated from the proximal end. During the investigation the instrument was passed as far as to allow the obturator to lie between the carina and the origin of the upper lobe bronchus on the side concerned, thereby enabling all the air from the lung in question and no more to pass through the bronchoscope. As soon as the investigation on the one side was complete, the bronchoscope was moved to the corresponding place on the other. By this method it was obligatory to examine the function of one lung first and then that of the other. It was found desirable to obtain a simultaneous exchange of respiratory air from both lungs, though quite separately, and at the same time to make analytical investigation on both sides. The impossibility of obtaining two absolutely comparable results from investigations following each other is obvious. The patient is unable to breathe quite as calmly and deeply during the first examination as during the second, and is unable to make the same forced expirations and inspirations, and therefore it is impossible to judge, which lung consumes the more oxygen, has the greater volume, or produces the more carbon dioxide. In addition, the whole procedure is very trying to the patient. An ordinary bronchospirometry takes eight minutes, and should this be repeated, with the additional time for the -20 480 necessary changing and replacing the instrument, approximately twenty minutes must be allowed. In addition a small detail from a technical standpoint is noteworthy. It is not difficult to place the bronchoscope in the left main bronchus, so that the obturator lies between the carina and origin of the upper lobe bronchus, as the space on the left side is about 5 cm. On the other hand that space on the right side measures only 2 cm. It is therefore almost impossible to place the obturator, so that it does not bulge either into the trachea above the carina or into the bronchus of the upper lobe. Thus it is not easy to avoid a compression of the latter, which would obviously diminish the ventilation of the right upper lobe. Thus arose the importance of obtaining an instrument capable of taking the respiratory air of each lung separately, conducting it through different tubes to the proximal end of the instrument and at the same timefpossessing such a lumen as would allow the air to pass under as physiological conditions as possible. By this means difficulties from stenosis would be avoided, as also would be the need of using greater differences of pressure than normal between the lung and the atmospheric air. After various theoretical calculations and practical experiments, an instrument, the double bronchoscope which we now use was designed, and it meets all the needs (fig. 7 ). The 481 482 Proceedin~qs of the Royal Society of Medicine double bronchoscope consists of two tubes for respiratory air, two tubes for illumination and one tube for inflating the rubber caps. This last has an extremely fine lumen, allowing the passage of only a small stream of air. The tubes for lighting purposes are similar in thickness to those in Jackson's standard bronchoscope. The air tubes must fill the above-mentioned requirements in order that sufficient quantities of air may pass per unit of time and with the same ease as physiologically occurs.
Theoretical calculations sbow that a tube of the required length should have an inner diameter of 6 mm. for men and 5.5 mm. for women to be satisfactory. By making these tubes slightly oval and suitably connecting them with the three others, the outer diameter of the larger bronchosope would be nearly 13 mm. and of the smaller, at the most, 12 mm.
One of the respiratory air-tubes, with its lamp-carrier, runs along the instrument from the proximal to the distal end, and is intended for the left main bronchus. The most distal centimetres of the instrument are transformed into the distal or lesser obturator. The other respiratory air-tube and its lamp-carrier ends 7 to 8 cm. proximal to the distal end, and is intended to be placed right above the carina to exchange air from the right lung. The whole of the instrument just above the distal end of the shorter respiratory tube is cylindrical, and it forms the proximal or thicker obturator, which is intended to form a closure against the walls of the trachea a centimetre or two above the carina. At the proximal end of the double bronchosope there are two outlets for respiratory air, one on either side, two illumination attachments for the lamp carriers and one device for inflating the rubber caps. The proximal ends of the respiratory air tubes are fitted with conical window plugs, which permit control of the contents of the tubes and whatever may be at the distal end of the bronchoscope during the entire investigation.
Bronchoscopic instruments necessary at a bronchospirometry, apart from the double bronchoscope, are mainly an equipment according to Jackson. The ordinary Jackson laryngoscope for adults is, however, some millimetres too small in its inner diameter, therefore a somewhat larger size is requisite. This is then the equipment needed by the endoscopist in order to obtain air from the right and left lung separately for delivery to the physician-analyst.
For his analyses the physician needs a double-spirometer which can take respiratory air from the left and right lung simultaneously, and register volume, oxygen consumption, and carbon dioxide production. A double-spirometer designed by Bjorkman was used during our experiments. It consists of two Knipping spirometers coupled in such a manner as to bring about synchronous operation.
The necessary preliminaries for a bronchospirometry are similar to those of an ordinary bronchoscopy. The patient undergoes examination on an empty stomach.
An hour or so before the operation, from 1 to 1J cg. of morphia, or other narcotic is given. Local anesthesia is always employed, and a solution of 2 per cent. pantocain with 3 drops of adrenaline per cubic centimetre is used. A small quantity of the solution is sprayed into the throat of the patient. A few minutes later some drops of the same solution are dropped into the glottis. Another minute or two some more drops are sprayed with the laryngeal syringe directly down into the trachea through the open glottis. As a rule a third injection is given with the laryngeal syringe, during which operation the patient is kept in a leaning position to the left in order to allow the pantocain to trickle down into the left main bronchus. Altogether, not more thau from 2 to 4 c.c. of 2 per cent. pantocain solution is used for this local aneesthesia, and no intoxication, worthy of mention, has happened from this quantity in about 200 cases examined. On the other hand a 10 per cent. cocaine anaesthesia earlier used has on several occasions caused moderate symptoms of intoxication.
When the anasthesia is complete, the double bronchoscope is passed in the same manner as the ordinary bronchoscope. Care must be taken that the obturators do not 482 22 Section of Laryngology catch in the laryngoscope or in the larynx, as the rubber caps would then be subject to injury. The bronchoscope is passed until the distal obturator lies in the left main bronchus, between the carina and the origin of the bronchus of the upper lobe. The bronchoscope is now in correct position (fig. 8 ).
In order to prove that the rubber caps are really air-tight, a test is made before each examination. The double broncboscope is placed in a glass-model, so that the distal obturator lies in a tube corresponding to the width of the main bronchus, and the proximal obturator in a tube corresponding to the tracheal lumen. The rubber caps are then inflated and with an attached manometer the pressure needed to keep the rubber caps tightly pressed against the walls of the tube is read (fig. 9 ). The same pressure is used later, when the rubber caps are inflated after the descent of the bronchoscope into the tracheo-bronchial tree. An important item for successful bronchospirometry, indeed for all bronchial catheterization, is the quality of the rubber caps. They should be made of strong and very elastic material. If rubber is allowed to remain in air, it soon becomes brittle and loses its elasticity, but it retains its freshness if preserved in carbon dioxide or in a vacuum.
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Proceedings of the Royal Society of Medicine II.-Dr. Stig Bjorkman CLINICAL RESULTS OF BRONCHOSPIROMETRY After the double bronchoscope has been let down and fitted into place, each of its tubes is connected up with the double spirometer.
Both outlet tubes of the double bronchoscope are connected with tubes which lead to two separate spirometer systems. The coupling takes place after an ordinary expiration, whilst attention is given to the patient's breathing. The ventilation is registered accordingly for from five to seven minutes, and during this time the patient makes one maximal inspiration and one maximal expiration. The patient is disconnected at the end of an ordinary expiration and the examination, so far as he is concerned, is at an end. When the temperature has been equalized in the spirometer, the volumetric determination of carbon dioxide is made. The tracing appears as follows ( fig. 11 . Normal subject):
The tracings run from left to right. Part of the tracing is registered with a well-augmented kvmograph speed. The inspirations are directed upwards, the expirations downwards. During the examination the patient must make one deep inspiration and one deep expiration. The oxygen intake is represented by the inclination of the curve as in an ordinary metabolic investigation. The carbondioxide output is shown by the vertical ending of the curve. As may be seen both curves of the lungs are practically identical; oxygen intake, ventilation and maximal 29. 484 Section of Laryngology 485 inspiration and expiration are somewhat less on the left than on the right side, namely 47 to 48 per cent. of the corresponding total values. From this investigation may be seen the amount of oxygen intake by each lung respectively, the carbon-dioxide output, the breathing volume, the vital capacity (including its various parts, namely complemental air, tidal air and reserve air) and such deduced facts as respiratory quotient, ventilation equivalent, and so on. By making an ordinary spirometric examination a day or two previously to the bronchospirometry, the corresponding value of both lungs is obtained simultaneously, and at the same time the patient gets accustomed to the technicalities involved in a spirometric investigation.
Ten normal cases were examined, the majority of the subjects being medical students. It has been proved that amongst healthy persons the right lung has a greater share in the total function of the lungs than has the left. This is reasonable Fro. 11. enough considering that the right lung is anatomically larger than the left-a finding demonstrated by the following It may be well to mention here, that in bronchospirometry the function of one or other lung is not expressed in exact figures but in a percentage of the sum of the values obtained from both lungs. Should the right lung, for example, absorb 60 per cent. oxygen, it would mean that during the bronchospirometry this lung had absorbed 60 per cent. of the total oxygen-intake of both lungs.
In pathological processes in the lungs, in the thoracic viscera in general, or in the pleura or walls of the thorax, the function of the lungs is more or less restricted on 486 Proceedings of the Royal Society of Medicine 26 the side on which the disease is located. From physical examination of the lungs and from skiagrams, conclusions about function of the lungs can often be drawn, but more often than not it is remarkable how a bronchospirometric examination gives results which differ considerably from those which would have been expected from the previously mentioned methods of investigation. Therefore the most important object of the bronchospirometric method of investigation has become the determination of the function in each lung in cases of bilateral affection, in which a unilateral irreversible operation is contemplated. This would mean, for instance, a case of pulmonary tuberculosis with indications for thoracoplasty on one side and with signs of disease on the other, which in themselves formed no contra-indication to the operation, but might restrict the functional capacity of this lung. Also in cases when the disease is bilateral and wheni, for instance, there are indications for a bilateral pneumothorax, the bronchospirometric investigation gives valuable information.
By way of illustration I show here some skiagrams and bronchospirometry tracings from four cases. I.-The patient is a ship's mate, aged 34, who had had a number of hfemoptyses. Ten years earlier he had been treated by left pneumothorax. In connexion with this, a pleural exudation developed, and the pleura was tapped several times. After a year or two FIG. 12. the pneumothorax treatment had to be given up. At the investigation the left half of the thorax was found to be considerably shrunken, and the trachea and mediastinum were drawn to the left. In the upper part of the lung was a thick, massive induration containing a system of cavities. The lower part of the lung normally contained air and was practically free from induration. In the upper part of the right lung were older cirrhotic changes ( fig. 12 ).
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Section of Laryngology 487 Bronchospirometry showed the left lung to be out of function. Small oscillations corresponding to the respiration are to be seen on the curve (fig. 13 ). There is no intake of oxygen. The right lung does all the work. In this case there is nothing to contra-indicate even a total plastic operation on the left lung. An upper posterior plastic operation was made with resection of six ribs. The patient endured the operation well, and the function of the lungs was not impaired. ti nd leuriyo the rightl shoed Amoe exandded localized process with large cavities in the upper part of the Jung. The right lung was totally adherent, and pneumothorax was therefore impossible. Instead, on July 16, pneumothorax treatment was begun on the left side, with the intention of performing a right-sided apical plastic operation later. Fourteen days later, after a few refillings, there was a bronchospirometric examination. X-ray examination showed the left side pneumothorax to be, here, about two fingers wide. The bronchospirometric investigation (fig. 14, p. 28 ) showed that the ventilation of the left pneumothorax-lung wag relatively poor, but that the oxygen intake in return was at least as good as on the right side. The left lung_therefore, worked more economically than the right.
The examination supported the decision to perform a plastic operation on the right side. A fairly extensive upper lobe plastic operation was carried out a few days later, whilst the pneumothorax treatment was continued on the left side. The lungs manifested no functional weakness, and the patient bore the operation well. Pneumothorax treatment of the left lung has continued since, and the patient is free from bacilli, and is gradually improving.
I_The functional capacity of a pneumothorax-lung has long been the subject of discussion. For this purpose a series of pneumothorax cases have been investigated bronchospirometrically. In some instances the pneumothorax was refil-led during the bronchospirometry. Many interesting observations were made, of which I Will touch upon the most important. It has been found that the lung treated by pneumothorax often answers to a considerable part of; the total lung function.
488
Proceedings of the Royal Society of Medicine Thus, in order to be effective, pneumothorax treatment does not necessitate absolute rest for the lung, a fact which has become more easily understood during recent years. From these bronchospirometric investigations it was also seen that refilling a pneumothorax augmented the collapse of the lung, only to a lesser extent. Most of the pneumothorax gas goes to expand the corresponding half of the thorax. Occasionally not only does the refilling bring about increased collapse of the pneumothorax-lung itself, but also, though of course in a lesser degree, a certain collapse of the contralateral healthy lung. The following case is an example of the effect of a pneumothorax being refilled.
III.-The patient, a woman aged 21, had a three-year-old right-sided pneumothorax. A new tuberculous lesion with cavities now appeared in the centre of the left lung. Pneumothorax treatment on the left side also was then tried, but without collapse of the cavities, though no adhesions were to be found. A bronchospirometry was carried out to investigate the possibilities of bringing about a better collapse on the left side. The X-ray examination showed this picture ( fig. 15 ).
On bronchospirometric examination ( fig. 16 ), the right-the older-pneumothorax lung was seen to function very well, with a ventilation of 54 per cent. and an oxygen intake of 42 per cent. The left lung, which had later been the object of pneumothorax treatment, has a somewhat poorer ventilation, but better oxygen intake than the right lung. During the bronchospirometry a refilling of 500 c.c. was made on the left side. The ventilation on this side underwent a change from 46 per cent. to 36 per cent. of the total value, whilst the oxygen intake remained practically the same. Of the 500 c.c. only 100 c.c. are effective for the collapse of the left lung, whilst the base line for the right lung falls by degrees 70 c.c., which indicates a corresponding collapse of the latter. Thus only a fifth part of the refilled gas was used for the collapse of the left lung. The rest was utilized in the distension of the thorax.
In this case the vit.al capacity was of interest. The right and older pneumothorax lung proved to be considerably more rigid than the left, which was only treated some weeks. This was clearly seen from the vital capacity, which for the right lung was 39 per cent., and Section of Laryngology The bronchospirometric method has enabled me to make still further observations of interest. There are cases in which bronchospirometry has been performed, not only in the usual recumbent position but also in the lateral position. Here it has been proved that in a lateral position the function of the lower lung is not impaired, as was the general opinion earlier. On the contrary, the intake of oxygen, which is the most important function of the lungs, is proportionately greater in the undermost lung, and so, frequently, is the ventilation. The increased intake of oxygen must be owing to a more efficient circulation of the blood to this lung, due quite simply, in its turn, to the law of gravitation. I would like to call to mind that the pulmonary blood-pressure is considerably lower than the blood-pressure in the systemic circuit. These conditions explain some observations upon which side patients with a one-sided lung affection prefer to lie.
During a spirometric investigation it is sometimes possible to register the patient's coughs. It has then been found, that in a lung which is the seat of a more extensive process, and whose volume is, in consequence, appreciably lessened, there is also a considerably reduced "coughing capacity ". The available quantity of air in the diseased lung, when pressed out by a sudden attack of coughing, is unable to bring about a sufficiently strong current to cleanse the bronchial tree on that side effectively. 'The mechanism must be such that the bronchial secretion from the affected lung is conveyed to the neighbourhood of the bifurcation chiefly by means of peristalsis and the movements of the bronchial cilia, to be expectorated with the aid of a forcible current of air produced by an attack of coughing from the healthy lung. A curve in which the cough is registered is shown in fig. 18 .
IV.-The patient is a man aged 25 with lymnphogranulomatosis. A skiagram shows enlarged glands of the hilus on the right side and an atelectasis of the middle lobe and the greatest part of the lower lobe on the right side (fig. 19 ).
The patient had several coughing attacks during the bronchospirometry (fig. 18 ), which were registered and are shown by the horizontal lines. On the curve of the left lung are seen the violent expirations, which correspond to the coughings. There is nothing of the kind on the right side. Here the inspirations are more conspicuous, they are precipitous, and the patient appears to cough in the wrong direction with this lung. 
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It is of interest to note, that the lung, which most needs the benefit of expectoration, is often more or less deprived of this by the process which produces the secretion. In conclusion I may briefly mention two facts apparent from bronchospirometric investigations. The output of carbon dioxide from one lung has no connexion with its intake of oxygen, but with its ventilation. When the volume of tidal air is great, and the oxygen-intake is small, the output of carbon dioxide follows the ventilation. Therefore there may be a considerable difference between the respiratory quotients in the right and left lungs.
Many problems in the functional physiology and pathology of the lungs remain unsolved, but the bronchospirometric method of investigation has undoubtedly disclosed new possibilities for study in this field. The method is already of practical clinical value, and as experience grows it will prove to be an ever more and more serviceable addition to the lung specialist in diagnosis.
Di8cu88ion.-A. TUDOR EDWARDS said that he had had the opportunity, eighteen months ago, of hearing Professor Jacobieus discuss bronchospirometry in this country, and an opportunity was afforded of seeing some of the advantages of the method. He thought that bronchoscopy was reaching the stage at which renal surgery was some years ago, when investigations were begun on the apparently normal side in order to determine the safety or otherwise of removal of the diseased kidney on the other side.
He did not know whether bronchospirometry experiments had been carried out on patients who had lost by operation a portion of the lung, as, for instance, after lobectomy, apart from the experiments in tuberculosis, or whether these experiments had been done on cases of carcinoma of the lung. In doubtful cases of tubercle when the question of operation arose it was of value, and showed a great and useful field. PATRICK WATSON-WILLIAMS asked whether in the course of his research Dr. Frenckner had the opportunity of investigating the rate of interchange of respiratory gases, i.e. the rate of oxygenation and expiration of carbon dioxide according to varying pressures of the air in the bronchioles.
PAUL FRENCKNER (in reply) said he had had many cases of tuberculosis, cancer, and pulmonary collapse which showed a decrease in the oxygen-intake, with a decrease of function. The most striking finding was that the X-ray and physical examinations showed that there might be extensive pathological changes and still good pulmonary function, and, vice versa-a decrease of function despite an apparently intact lung-though with glands enlarged in the hilus.
In answer to Dr. Watson-Williams: Difference in pressure seemed to depend on obstruction in the bronchi; he did not know why the pressure should be high or low.
Bronchoscopotherapy in Broncho-pulmonary Suppuration: its Mechanism and Results By A. SOULAS (Paris) TRACHEO-BRONCHOSCOPY, known and practised for forty years, has occupied for the last ten years a large place in the diagnosis and treatment of diseases of the respiratory tract. This extension is due to the progress in instrumeDtation and the improvement in technique.
Sometimes, for children and certain adults, it is performed without anesthesia; often, for adults, with slight local laryngeal anesthesia with a 10 per cent. solution of cocaine.
In bronchoscopotberapy it is of importance to consider the condition of the principal bronchial system, because action is efficacious on the trachea and the main bronchi which are our champ de mancvuvres, for the bronchoscope cannot penetrate the lung.
